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Recombination and loss mechanisms in low-threshold InAs/GaAs 1.3 pm quantum dot lasers 
I ' I . I ' I ' I  quantum dot lasers showed the importance 
of the loss process due to Auger 
recombination [ 11. This mechanism can 
significantly decrease the temperature 
stability of the lasers studied in this work. 
Another possible loss mechanism is defect- 
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We show that even in quantum dot lasers with very low threshold current density (Jh40-50 Ncm2 at 
300 K) the temperature sensitivity of the threshold current arises from nonradiative recombination which 
comprises -60-70% of Ja at 300 K. 
related recombination in the wetting layer 
due to increasing thermal escape of carriers 
out of the dots. We observed emission fiom 
the wetting layer in the spontaneous 
emission spectra at threshold at 300K 
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Fig.2 Spontaneous emission spectra at Jh 
and lasing spectra at different temperatures 
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Fig.3 Integrated spontaneous emission 
(dashed lines) and maximum intensity of the 
ground state peak (solid line) as a hct ion of 
injected current 
Spontaneous emission spectra obtained at lasing 
threshold together with facet emission spectra above 
Jth at different temperatures are shown in Fig. 2. An 
increase of the intensity and narrowing of the 
spontaneous emission spectra at increasing 
temperature up to 200 K demonstrate the enhancement 
of carrier coupling between the dots and their 
recombination via the states with lower transition 
energies. A decrease of the emission intensity takes 
place above -200 K, while the integrated spontaneous 
emission at the threshold current remains almost 
constant due to increasing emission from the excited 
states. The lasing line was very narrow in all the 
temperature range (5 meV at 100 K and 1 meV at 
295K) demonstrating the high homogeneity of the 
dots. 
The integrated sponpneous emission, L, from the 
window vs current at different temperatures is shown 
in fig.3 by the dashed lines. The peak intensity of the 
ground state emission as a function of injected current, 
normalised to the value of Lh at each temperature, is 
plotted with solid lines. The integrated spontaneous 
emission pins better at higher temperatures. The 
pinning of ground state emission is better than that of 
the total spontaneous emission spectra and it pins 
almost ideally above 250K. This shows that the 
emission from the excited states causes the poor 
overall pinning behaviour observed at higher 
temperatures, whilst the inhomogeneous carrier 
distribution at lower temperatures leads to a complete 
lack of pinning of both the total and ground state 
spontaneous emission. The lack of pinning of the 
excited state when the ground state is pinned by the 
stimulated emission is evidence of a bottleneck effect 
which prevents effective carrier thermalisation to the 
ground state where lasing occurs. I 
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